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Abstract

The benefits from root colonization by mycorrhizal fungi are thought to be highest when colonization occurs as earlyeadupgsib|
plant growth. We assessed whether addition of VA mycorrhizal fungi (VAMF) inoculum into rooting medium during cutting jpropdgati
would increase the quantity of rooting and the quality of rooted cuttings for five different cultivars of miniaturossepy.). Four
weeks after cuttings were stuck, the number of cuttings with roots for two cultivars that normally take longer to roetg initieas
addition of VAMF inoculum into the rooting medium. The combination of hormone treatment (IBA and NAA) and VAMF inoculum in
the rooting medium increased the number of rooted cuttings and the number of roots per cutting for three cultivars whdricompare
cuttings that only received hormone treatment. Increases in root initiation and root growth of cuttings rooted in medhningcontai
VAMF inoculum were not always associated with increased levels of root colonization by VAM fungi. Our results indicatetiyht alt
adding VAMF inoculum into the rooting medium does not always increase root initiation, in some cultivars the combinatioR of VAM
inoculum and rooting hormones can increase root initiation and potentially increase the quality of rooted cutting produced.

Index words: vesicular-arbuscular mycorrhizal fungi, VAI&Jomus intraradicesrooted cuttings.

Species used in this studyminiature rosesRosaspp. L ‘Jolly Cupido’, ‘Candy Sunblaze’, ‘White Miniwonder’, ‘Cherry Cupido’
‘Orange Cupido’).

Chemicals used in this studyWood’s Hormone Solution (1.03% indol-3-butyric acid and 0.66% 1-napthalene acetic acid).

Significance to the Nursery Industry Introduction

Although commercially produced inoculum of VA myc- Mycorrhizae are symbiotic associations between plant
orrhizal fungi (VAMF) is readily available to horticulturists, roots and certain soil fungi (25). The potential for root colo-
cultivar specific responses to inoculation, and the optimal nization by mycorrhizal fungi to enhance plant productivity
time for using inoculum during vegetative propagation, are is well recognized (5, 10). Plants with mycorrhizae are po-
unclear. Our results showed that addition of VAMF inocu- tentially more effective at nutrient and water acquisition (1,
lum into the rooting medium of miniature roses increased 2, 3, 14, 24), less susceptible to disease (15), and can be
the amount of rooted cuttings for cultivars that normally take more productive under certain stressful environmental grow-
longer to root and increased the number of roots and rooting conditions (17) than plants without mycorrhizae.
growth on several cultivars. Increases in root initiation and ~ Vesicular-arbuscular mycorrhizal fungi (VAMF) are one
growth in response to adding VAMF inoculum into the root- type of mycorrhizal fungi that are commonly associated with
ing medium can decrease the amount of time for cuttings to the roots of horticultural crops. Optimal uses for commer-
attain an adequate amount of roots for transplanting and in- cially available VAMF inoculum have not been well defined.
crease the quality of rooted cutting obtained. Our results also One common question is when to apply inoculum to obtain
showed that increases in root initiation and root growth on maximum benefits from the VAMF. The benefits from VAM
cuttings rooted in medium containing VAMF inoculum were root colonization are thought to be highest when coloniza-
not always associated with increased levels of root coloniza- tion occurs as early as possible during plant growth (9, 19).
tion by VAM fungi. The response of cuttings to VAMF in-  In horticultural production systems, this means that to ob-
oculum may not solely be a result of mycorrhizal fungi in tain maximum benefits from VAM colonization, inoculum
the inoculum, but could be a result of coincidental inocula- should be present during radicle emergence in seed germi-
tion with bacteria associated with the spores, root fragments, nation, during adventitious root formation in cutting propa-
and carrier substrates in the VAMF inoculum. Cultivar spe- gation, or prior to the acclimation phase of tissue culture pro-
cific responses to adding VAMF inoculum into the rooting duction.
media suggests that combinations of cultivars, hormone ap- Successful adventitious rooting during cutting propaga-
plications, and VAMF inocula should be tested before VAMF tion depends on several factors including the physiological
inoculum is used on a large scale across all cultivars of aand environmental conditions of the propagation stock plants
crop. and the environmental conditions during the formation of

adventitious rooting (13). Miniature roseRosaspp.) are

commonly propagated by cuttings and, in general, most com-
'Received for publication May 22, 2000; in revised form October 20, 2000. mercially available cultivars are considered relatively easy
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Materials and methods

Five different cultivars of miniature roseRdsaspp. L.)
were used in this study: ‘Jolly Cupido’ (PP7734), ‘Candy
Sunblaze’ (PP9621), ‘White Miniwonder’ (PP7276), ‘Cherry
Cupido’ (PP9635), and ‘Orange Cupido’ (PP10820). Culti-
vars were obtained as cuttings from Yoder Brothers, Inc.,
Barberton, OH. Cuttings were rooted in 50 fall flats
(126 cells per flat) of wedge shaped Oasis blocks (SO#5640)
under intermittent mist. Each rooted cutting was then trans-
planted into a 10 cm (4 in) pot (Gage Dura Pot #GDP400)
containing a mix of 80% peat (Sunshine Grower Grade White,
SunGro, Hubbard, OR) and 20% perlite (Coarse Horticul-
tural Grade, Supreme Perlite, Portland, OR) amended with
20 ml of a slow release fertilizer (SRF) (Osmocote 14-14—
14, Scotts Company, Marysville, OH) per pot. Plants were
maintained in a glasshouse with supplemental light (16/8 hr
light/dark), average day/night temperatures of 21/16C (75/
65F), fertilized once a week with 50 ml of a liquid fertilizer
(LF) (approximately 10% K, 10% P, 40% N, 20% Ca, 7%
Mg, 8% S, 4% Na, and less than 0.05% of Mn, Cu, Zn, B,
and Mo) and watered as needed. After six weeks plants were
transplanted into cylindrical 1 g pots (Lerio 7 5/8 in x 7 1/8
in) containing a mix of 30% composted Douglas-fir bark
(Whitney Farms, Independence, OR), 60% peat, and 10%
perlite amended with 50 ml of SLR per pot. Plants were
maintained in a glasshouse with supplemental light (16/8 hr
light/dark), average day/night temperatures of 21/16C (75/
65F), fertilized once per week with LF and watered as needed.
Periodic pest and pathogen control measures were performe
as needed and included foliar application of 10% sodium
bicarbonate solution, DMI fungicides and Benzimidazole for
powdery mildew §$phaerothecgpannosavar. rosaé,
Imidacloprid for aphids, Diflubenzuron for fungus gnats
(Bradysiaspp.) Neoseiulus fallacipredators for spider mites
(Tetranychusspp.), andNeoseiulus cucumerggedators for
thrips (Frankiniella spp). Flower heads were pruned from
plants weekly.

For mycorrhizal treatments, a commercial inoculum (Tree
of Life Nursery, San Juan Capistrano, CA) of the VAM fun-
gus Glomusintraradices Schenck & Smith) containing
spores, colonized root fragments and other propagules in a
clay-based carrier was incorporated into the rooting medium
at arate of 1:166 (v/v). For controls, sterilized inoculum was

added into the rooting media at the same rate. Hormone treat-

ment consisted of a two-minute dip in 1:10 dilution of Woods
Hormone Solution (Earth Science Products Corp.,
Wilsonville, OR), a commercial mixture of 1.03% indol-3-
butyric acid and 0.66% 1-napthalene acetic acid.
Two-node cuttings of each cultivar were taken four weeks
after stock plants had been transplanted into 1-g pots. Cut-
tings were sorted for uniformity (based on fresh weight), and
then were sanitized by dipping the end of each cutting into
10% bleach solution for 20 minutes then rinsing with water.
Cuttings of each cultivar were randomly placed into four treat-
ment groups: no hormone and no VAM inoculum (CON);
hormone treatment and no VAM inoculum (HOR); no hor-
mone treatment and VAM inoculum (VAM); hormone treat-
ment and VAM inoculum (HOR-VAM). Cuttings for the VAM
treatment and the controls (CON) were stuck directly into 10
cm (4 in) pots (Gage Dura Pot #GDP400) containing 80%
perlite, 20% peat, and either 3 ml of sterilized inoculum (CON
treatment) or 3 ml of VAM inoculum (VAM treatment) placed
directly in the region where the cutting was stuck. Cuttings

16

in the HOR and the HOR-VAM treatment were dipped into
Woods Hormone Solution then stuck into 4" pots containing
the same perlite-peat mix and either 3 ml of sterilized inocu-
lum (HOR treatment) or 3 ml of VAM inoculum (HOR-VAM
treatment). For controls and treatments, two cuttings were
stuck per pot and each pot treatment was replicated 16 times.
Pots were randomized among four flats and placed in a glass-
house under intermittent mist with supplemental light (16/8
hr, light/dark) and average day/night temperatures of 21/16C
(75/65F).

Aboveground and belowground measureme@tgtings
were harvested 28 days after the start of the experiment. At
this time, the condition of the cutting was rated as rooted,
callused, or dead. The number of primary and secondary lat-
eral roots on each cutting was counted and removed from
the cutting. Fresh weights were obtained for stem and root
portions of each cutting, then all samples were dried to a
constant weight at 60C (152F) and dried weights were ob-
tained. VAM colonization of fresh roots was assessed on 1-
cm sections after clearing and staining by modified proce-
dures of Phillips and Hayman (22), replacing lacto-phenol
with lacto-glycerin. Percentage of root length with signs of
VAM colonization was estimated by the method of Biermann
and Linderman (6).

Experimental design and statistical analysBEse experi-
ment was set up in a randomized block design with each

Jreatment unit (pot) replicated four times in each of four flats

(blocks). Blocking was necessary to account for possible
variations in temperature and moisture in the mist bed. Within-
block treatment replication was done to provide adequate
replication for analysis of survival data. Data for each culti-

var were subjected to two-factor Analysis of Variance

(ANOVA) using the Statistica statistical package (26). Shoot

and root dry weights were square-root transformed, and per-
centage rooting and root colonization were arcsin transformed
prior to analysis to correct for unequal variance and best
model fit. Fisher’s protected LSD test was used to separate
treatment means within each cultivar (21). Actual data are
reported in tables and figures. The relationship between per-

centage root colonization and other variables was assessed

using Pearson’s Correlation (r).

Results and Discussion

In easy-to-root cultivars of miniature roses, the percent-
age of cuttings that produce roots is not a limiting factor to
production, but the time it takes for cuttings to grow an ad-
equate amount of roots may increase the production time for
a specific cultivar. Cuttings developed an adequate amount
of roots for transplanting on all five cultivars of miniature
roses in approximately 4—6 weeks after application of a 1:10
dilution of Woods Hormone Solution. In general, ‘Jolly
Cupido’ and ‘Candy Sunblaze’ cultivars took longer to root
than the other cultivars used in this experiment (data not
shown).

Four weeks after cuttings were stuck, cultivar and treat-
ment differences in rooting (percentage of cuttings with roots)
were detectable (Table 1). Without VAMF inoculum, appli-
cation of hormone increased rooting of ‘Orange Cupido’ and
‘Cherry Cupido’. Adding VAMF inoculum into the rooting
medium increased rooting of ‘Jolly Cupido’ and ‘White
Miniwonder’ when compared to cuttings with no VAMF in-
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Table 1. Influence of hormone treatment and inoculation with the VAM fungusGlomusintraradiceson rooting of cuttings (percentage of cuttings
with roots) from five cultivars of miniature roses four weeks after cuttings were stuck.

Rooting (%)

Treatments’ ‘Jolly Cupido’ ‘Candy Sunblaze’ ‘White MiniWonder’ ‘Orange Cupido’ ‘Cherry Cupido’
Control 473 59a 87a 87a 85a
Hormone 44a 62a 87a 100b 100b
VAMF 64b 56a 97b 85a 100b
Hormone + VAMF 61b 72b 100b 100b 100b
ANOVA effects ANOVA P-values

Hormone 0.987 0.089 0.803 0.000 0.057
Inoculation 0.026 0.076 0.048 0.548 0.040
Hormone x Inoculation 0.984 0.045 0.831 0.687 0.005

?None = sterilized VAMF inoculum, Hormone = 1:10 dilution of 1.03% IBA and 0.66% NAA and sterilized VAM inoculum, VAMF = VAIdHumM (1:166
viv), Hormone + VAMF = VAMF inoculum (1:166 v/v) and 1:10 dilution of 1.03% IBA and 0.66% NAA.

YMeans followed by the same letter or letters within a cultivar are not significantly different from each other (p < 085 Pisithcted LSD).

oculum in the rooting medium. The combination of hormone tings from cultivars that did not respond to hormone appli-
treatment and VAMF inoculum in the rooting medium in- cation but did not affect rooting on cuttings from cultivars
creased rooting of the ‘Candy Sunblaze’, ‘Jolly Cupido’, and that responded to hormone application. Our results demon-
‘White Miniwonder’ cultivars compared to cuttings that only  strate that adding VAMF inoculum into the media increased
received hormone treatment. rooting for two cultivars that normally take longer to root.
Douds et al. (11) increased rooting of cuttings in response ‘Jolly Cupido’ rooted better with VAMF inoculum in the root-
to adding VAM fungi in the rooting medium. Using a VAM  ing medium, with or without hormone treatment, while
fungus in a peat-based medium, they reported significantly ‘Candy Sunblaze’ rooted better with VAMF inoculum in the
increased survival, callus development, and rooting percent- rooting medium when hormone was applied.
ages foiSciadopitys verticillat@uttings, which usually take
up to six months to root. In our experiment, adding VAMF Root initiation During vegetative propagation, the num-
inoculum to the rooting medium increased rooting on cut- ber of roots initiated influences the length of the production
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Fig. 1.  Influence of hormone treatment and inoculation with the VAM fungusslomus intraradiceon root initiation on cuttings from five cultivars of
miniature roses four weeks after cuttings were stuck. Different letters above bars represent treatment means significantly eifnt from each
other within a cultivar (p < 0.05, Fischer’s Protected LSD).
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Fig. 2. Influence of hormone treatment and inoculation with the VAM fungusGlomus intraradiceson the dry weight of roots on cuttings from five
cultivars of miniature roses four weeks after cuttings were stuck. Different letters above bars represent treatment means siigaintly differ-
ent from each other within a cultivar (p < 0.05, Fischer’s Protected LSD).

cycle and the quality of the rooted cutting produced. Four inoculum increased root growth on cuttings from ‘Jolly
weeks after cuttings were stuck, cultivar and treatment spe- Cupido’ and ‘Cherry Cupido’ cultivars when compared to
cific differences in root initiation (number of primary roots) untreated controls. For all five cultivars, cuttings treated with
were detectable (Fig. 1). When compared to controls, appli- the combination of hormone and VAM inoculum had the most
cation of hormones significantly increased the number of root growth when compared to cuttings from other treatments.
primary roots for all five cultivars. Addition of VAMF in- Increases in root growth and root initiation in response to
oculum into the rooting medium increased root initiation of adding VAMF inoculum into the rooting medium can poten-
‘Jolly Cupido’, ‘Candy Sunblaze’ and ‘Cherry Cupido’ cul- tially decrease the amount of time for cuttings to attain an
tivars to levels equal to that found on cuttings to which hor- adequate amount of roots for transplanting.

mone had been applied. Application of rooting hormone and

adding VAMF inoculum into the rooting medium increased Root sizeRoot size can affect several aspects of root func-
the number of roots on ‘Orange Cupido’, ‘Cherry Cupido’, tion. Four weeks after cuttings were stuck, cultivar and treat-
and ‘White Miniwonder’ cultivars when compared to con- ment specific differences in root size (average dry weight
trols and cuttings to which only rooting hormone had been per root) were detectable (Table 2). Roots on cuttings treated
applied. In contrast to our results, Verkade and Hamilton (28) with rooting hormone were smaller (shorter and/or thinner)
found that the presence of VAM fungi in the rooting medium than roots on cuttings from untreated controls. With most
increased root development and growth\Miburnum cultivars, addition of VAM inoculum into the rooting me-
dentatumlL. but not root initiation (28). Our results indicate  dium had little influence on root size when compared to cut-
that although adding VAM inoculum into the rooting me- tings from untreated controls. Since root length and diam-
dium does not always increase root initiation, in some culti- eter were not measured in this study, it is impossible to state
vars the combination of VAMF inoculum and rooting hor- whether the smaller roots on the hormone-treated cuttings
mone can increase root initiation and potentially increase the were shorter or thinner than the cuttings from other treat-
quality of rooted cutting produced.

ments. Further study is needed to determine how root size
and anatomy on hormone-treated cuttings differ from roots

Root growth Growth of roots after initiation can also in-  on cuttings from rooting media containing VAMF inoculum
fluence the length of a production cycle and the quality of and on untreated controls. A detailed study on the anatomi-
the cutting produced. Four weeks after cuttings were stuck, cal differences between these roots could aid in determining
cultivar and treatment specific differences in root growth (root the mechanism through which VAMF inoculum increases root
weight per cuttings) were detectable (Fig. 2). Application of initiation and growth in cuttings.
hormone to cuttings significantly increased root growth on
‘White Miniwonder’, ‘Orange Cupido’, and ‘Cherry Cupido’ Colonization Four weeks after cuttings were taken, culti-
cuttings compared to untreated controls. Addition of VAMF var and treatment-specific differences in root colonization

18
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Table 2.

Influence of hormone treatment and inoculation with the VAM fungusGlomus intraradiceson the average weight per primary root on

cuttings from five cultivars of miniature roses four weeks after cuttings were stuck.

Treatments’ Weight per root (g/root)

‘Jolly Cupido’ ‘Candy Sunblaze’ ‘White MiniWonder’ ‘Orange Cupido’ ‘Cherry Cupido’
Control 0.493b 0.918c 0.256b 0.770c 1.021b
Hormone 0.315a 0.574b 0.174ab 0.438b 0.204a
VAMF 0.242a 0.900c 0.284b 1.241d 0.231a
Hormone + VAMF 0.326a 0.407a 0.126a 0.346a 0.197a
ANOVA effects ANOVA P-values
Hormone 0.073 0.006 0.021 0.000 0.000
Inoculation 0.391 0.063 0.842 0.058 0.132
Hormone*Inoculation 0.035 0.059 0.457 0.049 0.027

?None = sterilized VAMF inoculum, Hormone = 1:10 dilution of 1.03% IBA and 0.66% NAA and sterilized VAM inoculum, VAMF = VAIdHumM (1:166
viv), Hormone + VAMF = VAMF inoculum (1:166 v/v) and 1:10 dilution of 1.03% IBA and 0.66% NAA.

YMeans followed by the same letter or letters within a cultivar are not significantly different from each other (p < 085 Pisithcted LSD).

by VAM fungi were detectable (Table 3). Untreated controls

mixed with clay particles. This type of inoculum contains

and cuttings that received only hormone treatment showed not only the VAM fungus, but also bacteria associated with

no sign of VAMF colonization. Colonization of cuttings
rooted in medium containing VAMF inoculum varied with
cultivar and hormone treatment. Hormone application to
cuttings from three cultivars (‘Jolly Cupido’, ‘Candy
Sunblaze’, and ‘White Miniwonder’) increased root coloni-
zation over that found in cuttings receiving no hormone treat-
ment. Root colonization by VAM fungi significantly corre-
lated (p < 0.05) with increases in rooting on ‘Candy Sunblaze’
cuttings (r = 0.85), increases in root initiation on ‘White
Miniwonder’ cuttings (r = 0.72), increases in root growth on
‘Candy Sunblaze’ (r = 0.65) and ‘White Miniwonder’ (r =
0.73) cultivars. Verkade and Hamilton (29) found that exten-
sive mycorrhizal development occurred on rootsigfistrum
obtusifoliumvar. regelianumafter six weeks of rooting in a
medium inoculated witlslomus mosseaand this coincided

the fungal spores, root fragments, and clay particles of the
inoculum. It is possible that differences in rooting percent-
ages, root initiation, and root growth resulting from adding
VAMF inoculum into the rooting medium are not solely a
response to the VAM fungi, but could also be attributable to
the associated microorganisms in the inoculum an effect de-
scribed by Linderman (16).

Cultivar variation The degree and type of response min-
iature rose cuttings displayed when VAM inoculum was
added to the rooting medium varied with cultivar. Cultivar
specific responses to VAM fungi have been documented for
colonization and P uptake (12), but there are no reports of
cultivar-specific responses to VAM fungi used during the
propagation of cuttings. The cultivar-specific responses pre-

with substantial increases in root development but no effects sented in this paper could be a result of specific interactions

on root initiation were found. In our experiment, increases
in root initiation and root growth of cuttings rooted in me-
dium containing VAMF inoculum were not always associ-
ated with increased levels of colonization. Verkade and
Hamilton (28) found that inoculation ®fburnum dentatum
cuttings increased the number of root initials emerging from

between the VAM fungi, associated bacteria in the inocu-
lum, and traits specific to each cultivar such as environmen-
tal, nutritional, or hormonal requirements for optimal root-

ing.

Potential long-term benefit\lthough the degree of re-

stem cuttings five weeks after sticking, but they concluded sponse of miniature rose cuttings to VAMF inoculum varied
that this effect occurred only after infection and was medi- with cultivar, for most cultivars our results indicate that add-
ated through an effect of the fungus on plant metabolism, ing VAMF inoculum into the rooting medium is equal to or
rather than an effect of fungal exudates prior to infection.

We have used the same fungal isolate on different culti-
vars of miniature roses and found that the response of cut-
tings to VAMF inoculum is detectable prior to root coloniza-
tion (data not shown). Using cuttings 8tiadopitys
verticillata, Douds et al. (11) also reported that VAM fungi
exert an influence on plant growth and development prior to
colonization. It is possible that early changes in root initia- Cultivar
tion and growth resulting from inoculation with VAM fungi

Table 3. Influence of hormone treatment on colonization by the VAM
fungus Glomus intraradiceson roots from cuttings of five
cultivars of miniature roses grown in medium containing

VAMF inoculum.

VAM Colonization (% of root length)

I ; . . . No h H

could be a result of coincidental inoculation with bacteria o hormone ormone
associated with the spores, root fragments, and carrier sub-Jjolly Cupido’ 1.78a 16.67b
strates of the VAMF inoculum. The relationship between plant ‘Candy Sunblaze’ 3.75a 16.87b
growth promoting rhizobacertia (PGPR) and VAM have been ‘\(’)Vg;% gﬂgbvg’i‘ég?ef 1103;65226161 1177-51056\
documented (4, 18). In rooting Douglas-fir cuttings, Parladé ‘Cherry Cupido’ 19.43a 20.20a

et al. (20) noted that fumigated substrate decreased rooting
The VAMF inoculum used in our experiment consisted of zyeans followed by the same letter or letters within a cultivar are not sig-
spores and root fragments colonized by the VAM fungus nificantly different from each other (p < 0.05, Fischer’s Protected LSD).
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better than the rooting response obtained by using rooting 11. Douds, D.D., G. Bécard, P.E. Pfeffer, L.W. Doner, T.J. Dymant, and
hormone under the conditions tested. The combination of W-M. Kayer. 1995. Effect of vesicular-arbuscular mycorrhizal fungi on
using rooting hormone and VAMF inoc;ulum genera"y pro rooting ofSciadopitys verticillatéSieb & Zucc. Cuttings. HortSci. 30:133—
. . T 134

duced a better percentage of rooted cuttings with more roots 12. Graham, J.H., and D.M. Eissenstat., 1994, Host genotype and the
_than CUt_tmgS_ treate_d Only with hormone. AIthoqgh VAMF formation and function of VA mycorrhizaln: Robson, A.D., Abbot, L.K.,
inoculation did not increase the percentage rOO.tlng.and root malajczuk, N. (eds). Management of Mycorrhizas in Agriculture, Horticulture
growth for all cultivars tested, inoculation (especially in com- and Forestry. pp. 179-185. Kluwer Academic Publishers, Netherlands.
bination with hormone application) did increase root coloni- 13, Hartmann, H.T., D.E. Kester, F.T. Davies, and R.L. Geneve. 1997.
zation by VAM fungi. VAMF colonization has been shown  Plant Propagation: Principles and Practices. Prentice Hall,'NSd.6770
to increase the survival and growth of rose explants (32) and Pp-
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